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FIELD OF INVENTION 

[001] The present invention relates to memories of the type known as CAMs 

(Content Addressed Memories) or Associative Memories. RECEIVED 

JUL 0 .7 2003 

BACKGROUNDART Technology Center 2100 

[002] A conventional computer memory consists of a large number of memory 
locations which have sequential addresses. To access a location in such a 
memory, an address is supplied to the memory; the corresponding location is 
thereby selected, and its contents can then be accesses (ie read or written). 



[003] This works admirably when the address of the desired location (which 
typically stores a byte or a word) is known. However, there is a variety of 
situations in which data is organized in data blocks and what is wanted is a data 
block having particular data in a part of the block. Conventionally, the only way 
of finding the desired data block is to search through the data blocks one by one. 
A simple sequential search is the simplest procedure, but is liable to be 
extremely time-consuming. Various forms of directory structures or indexing can 
sometimes by used, but these tend to be complicated and inflexible. 




[004] To overcome these problems, a type of memory known as content 
addressable memory (CAM) has been proposed. This type of memory is also 
known as associative, because it automatically associates the desired data with 
the blocks containing that data. 

[005] CAMS have never achieved substantial commercial success, primarily 
because of the complexity of the circuitry required, compared with conventional 
memories. The situation is made worse because of the relatively limited range of 
applications for CAMs, so that CAM memories would be a relatively low-volume 
and high cost product even apart from the extra complexity. 

[006] The general object of the present invention is to provide an improved CAM 
architecture which alleviates or overcomes these problems. 

SUMMARY OF THE INVENTION 

[007] According to the present invention there is provided a content addressable 
memory comprising a CAM control logic unit and a plurality of cells connected in 
a chain, each cell comprising: 

a memory block coupled to a common address bus; 

a comparator coupled to a common data bus and to the data interface of 
the memory block; 

switching means coupling the data interface of the memory block with the 
data bus, and; 
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a logic block including a Match flip-flop: 
the memory being operable: 

in a Search phase to serially match a sequence of words on the common 
data bus with the contents of a sequence of addresses in the memory blocks of 
the cells; and 

in an Access phase, to render the cells matched in the Search phase 
serially available for access via the common address and data buses! 

[008] A CAM embodying the invention will now be described, by way of 
example, with reference to the drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

[009] Fig. 1 is a general block diagram of the system; 

[010] Fig. 2 is a more detailed block diagram of a cell of the system; and 

[011] Fig. 3 is a detailed block diagram of the logic block of a cell of the system. 

DETAILED DESCRIPTION OF THE DRAWING 

[012] Referring to Fig. 1, the CAM consists primarily of a chain of identical cells 
10, with a CAM control unit 11, which is coupled to the top of the chain of logic 
blocks 10. 
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[013] Each cell (Fig. 2) contains a respective memory block 12, which may use 
say DRAM (with conventional refresh arrangements operating on each block) or 
SRAM. The size of each memory block may be say 64 kbytes, though obviously 
the number of locations may vary and the word length may also be varied (eg to 
2 or 4 bytes). The number of blocks will normally be large, typically of the order 
of 10^ 

[014] The cells 10 are coupled to a 1-byte data bus DATA, a 16-bit address bus 
ADD, and a control bus CONT. The address and data bus widths match the 
number of locations in the memory block in each cell and the size of each 
location. If the CAM forms parts of a computer system, these buses may be 
general systemwide buses, or parts of such system buses. A system address 
bus may be considerably wider than 16 bits; the bottom 16 bits will then be used 
as the address bus ADD for the CAM. Similarly, the control bus for the CAM may 
form part of a multi-bit system control bus. 

[015] Each cell 10 also contains a memory block 12, a logic block 13, a 
comparator 14, and a bidirectional switch 15. The chaining of the cells 10 is 
through their logic blocks 13, as shown. 

[016] The CAM will normally be implemented on an integrated circuit chip. It will 
be realized that such a chip can easily be designed so that several such chips 
can be chained to increase the size of the CAM. The control unit 1 1 is preferably 
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a separate unit. However, it can be included on the CAM chip if desired; in that 
case, several chips can be chained by designing the controller so that only that of 
the first chip in the chain is enabled, with those of the following chips in the chain 
being disabled. 



[017] The functions of the logic blocks 13 can best be understood by 
considering the manner in which the CAM operates. The CAM operates in 2 
modes, Search and Access. The Search phase is concerned with finding the 
cells containing data which matches the search criteria; the Access phase is 
concerned with accessing those cells to extract the associated data. 



[018] For simplicity we shall assume that each cell contains a single data block 
of 1024 bytes stored in its memory block. If the data block is shorter than 1024 
bytes, then it is simply padded out with dummy bytes. (In fact, the dummy bytes 
may simply be left unused, ie never read or written, in the memory block.) The 
data blocks also all have the same structure, which we shall take as consisting of 
a number of key fields Keyl , Key2, Key3, etc and a number of data fields Datal , 
Data2, DataS, etc. Although the division of the data blocks into fields is identical 
for all data blocks, the number of fields, their sizes, and their locations in the data 
block can be chosen arbitrarily. We shall also assume that all fields are integral 
numbers of bytes long. 
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[019] For a search, a set of key fields is defined, together with a set of search 
contents for those fields. Each search field is fed to the cells in turn, and for each 
search field, the search bytes are fed to the cells sequentially. Thus each cell 
receives a sequence of search bytes on the DATA bus, each accompanied on 
the ADD bus by its address in the data block. Further, the CAM control unit 11 
feeds a Search control signal to all cells, via the chain of logic blocks 13 in the 
cells. 

[020] Each time a byte address is fed to a cell in the Search phase, the 
corresponding location in the cell's memory block 12 is read. This reads out a 
byte from one of the key fields in the data block stored in the cell. The stored 
byte is passed to the compare unit 14, which is also fed with the search byte on 
the data bus DATA. (Switch 15 is disabled at this time, isolating the DATA bus 
from the data output of the memory block.) The compare unit 14 compares the 2 
bytes fed to it, and produces a Hit or Miss signal, depending on whether the 
search byte and the stored byte match or don't match. 

[021] The logic block 13 of each cell contains a Match flip-flop. The CAM 
control unit 1 1 initially sets the Match flip-flops of all cells to the Hit state. In each 
cell, each time a comparison is made by the comparator 14 between a search 
byte and a stored key-field byte, the result (Hit or Miss) is fed to the Match flip- 
flop 16. If the stored byte and the data byte don't match, the Miss output from 
the comparator clears this flip-flop to Miss. After the succession of search bytes 
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in the different key fields has been run, the Match flip-flop will remain in the Hit 
state only if all bytes match. 

[022] If desired, a MASK bus (not shown), with the same width as the DATA 
bus, can be included. Masking can time-share the DATA bus or use a second 
byte on the system data bus if that bus is wide enough. The MASK bus will be 
coupled to the comparators in all cells 10, and each bit on the MASK bus will 
determine whether or not the comparator compares the corresponding bits of the 
search and stored bytes. Thus bit-level rather than merely byte-level searching 
and matching can easily be implemented if desired. This allows tighter packing 
of the key fields if many of them are less than 1 byte long. 

[023] At the end of the Search phase, therefore, the Match flip-flop of each cell 
of the CAM will still be in the Hit state if a full match has been achieved for that 
cell, but will have been set to Miss if any failure of the matching has occurred for 
that cell. 

[024] Once the Search phase is finished, the Access phase follows. For this, 
the CAM control unit 1 1 sends an ACCESS signal to the chain. At the start of 
this phase, there will be some unknown number of cells with their Match flip-flops 
still set at Hit. These are coupled in a logic chain through the logic blocks 13. 
The topmost of these cells is enabled by the Access signal and its Match flip-flop, 
this enabled cell disables all the following cells in the chain. 
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[025] This enabled cell can be accessed over the address, data and control 
buses ADD, DATA, and CONT. The address bus is coupled to the memory block 
12 of the cell, and the switch 15 is enabled by the logic block 13, coupling the 
data bus to the memory block data path. The control bus carries a 1-bit 
read/write signal R/W which is, in this phase, passed through the logic block 13 
to the memory block 12, to control whether reading or writing occurs. An 
arbitrary number of data fields can therefore be read or written, by sending the 
addresses of those fields to the cells in turn, and for each data jleld, sending the 
data bytes to the cells or reading them from the cells sequentially. 

[026] Once the accessing of the enabled cell is complete, the CAM control unit 
1 1 sends a signal down the chain of cells to clear the topmost Match flip-flop to 
Miss. The next Match flip-flop at Hit will then enable its cell, and the data block in 
that cell can then be accessed. The process continued in the same way with 
each cell in the chain with its Match flip-flop set being enabled in turn, until all 
matching data blocks have been accessed. 

[027] Obviously not all data blocks found in the Search phase need be 
accessed in the same way. Once accessing of a block has started, the 
accessing may if desired be made dependent on data read from the block. 
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[028] The number of matches (if any) is in general not predictable. A return line 
may be provided from the end of the chain of cells back to the CAM control unit 
1 1 , and arranged to change state when all Match flip-flops in the chain have 
been cleared to Miss. 

[029] Alternatively, the end of the sequence can be detemnined by software. 
When the end of the sequence of matching blocks is reached, any attempt to 
carry on reading data blocks will result in no read occurring. The data bus will 
therefore return its inactive state (hex=FF if it has pull-up resistors). So to 
determine when all matching blocks have been read, the system monitors for this 
data byte. To prevent genuine data bytes with the value hex=FF from being 
misinterpreted as the end of the set of matching blocks, a standard byte address 
is chosen in all data blocks and a non-FF-hex byte is deliberately included in that 
address in every data block. 

[030] Once a cell has been selected, it can of course be written as well as read. 
So a selected cell can simply have a complete new data block written into it, or 
its contents can be inspected and various parts of it changed, possibly in 
dependence on what I contains. 

[031] It has been assumed above that each cell contains a single data block. 
The optimum operating condition will be with a data block size which matches the 
memory block size. A data block must be confined within a single cell, so if the 
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data blocks vary in size, the maximum size must not be larger than the cell size. 
However, if the data block size is considerably smaller than the cell size, it would 
be possible to pack 2 (or more) short data blocks into a cell. The division of the 
cell into such data blocks would be essentially a matter for software control. This 
would of course mean that a search would have to be done in 2 stages, 
searching first say the top halves of the cells for data block matches, and then 
the second halves of the cells for any further data block matches. 

[032] It is also possible for two or more data blocks to be linked together into an 
extended data block by suitable software techniques, so that a set of blocks so 
linked can be accessed as a group. A set of blocks so linked can be regarded as 
an extended data block whose size is not limited by the cell size. For example, 
each extended block can be given a unique identifier, with all cells in the block 
containing identical copies of the key fields and the block identifier, and each cell 
of the extended block containing a serial number for its position in the extended 
block. 

[033] Summarizing the system, therefore, it is evident that cells can be searched 
on any fields, and any cells matching the search can be read, modified, or 
completely rewritten. Although the operation was described above in terms of 
key and data fields, the division of the data block structure into such fields is 
purely notional; any bytes can be treated as key bytes, data bytes, or both. 
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[034] It is not possible to access a cell by its position in the chain. However, this 
does not mean that a cell can become inaccessible. If a cell is to be effectively 
cleared, a standard byte address can be chosen for all data blocks, and filled 
with one data value if the data block in that cell is valid and another data value if 
the data block in the cell is cleared is invalid. A search for cells with the second 
data value in that location will then retrieve all empty data blocks in sequence. If 
all else fails, a search with no search fields will select all cells, which can then be 
written into sequentially. (That is, the Search phase is entered to set all Match 
flip-flops to Hit, and the Access phase is then entered immediately.) 

[035] Referring now to Fig. 3, the logic and control circuitry of the cell 10 will be 
described in more detail. Each cell is, as described above, coupled to the 
system data bus DATA and the system address bus ADD. There is also a single 
line chaining all the cells together. Apart from this single line, the control signals 
to the cells are preferably all carried on the system control bus CONT, which is 
coupled to all cells. In many instances, the system CPU can conveniently be 
arranged to generate these signals, so that this CPU constitutes the CAM control 
unit 1 1 . In addition, a further line of the control bus may be coupled to the first 
cell as the start of the chain line through all cells. (As discussed above, a return 
line from the end of the chain line may usually be dispensed with.) 

[036] Fig. 3 shows the control logic unit 13 of a typical cell 10 in more detail. A 
memory control unit 20 is fed with three control bus signals RAA/, S/A and EN. 
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The RAA/ signal is a read/write signal, which is used to determine whether the cell 
memory block 12 is to be read from or written to in the access phase of the 
operation of the CAM. The S/A signal determines whether the CAM operates in 
the Search or Access modes. The EN signal is an enable signal, which 
determines whether the CAM is enabled or not. When enabled, it is assumed 
that the other devices coupled to the system buses are disabled; when the CAM 
is disabled, other devices coupled to the system buses may be enabled without 
their operation being affected by the existence of the CAM. 

[037] It will be realized, of course, that the CAM (or the integrated circuit chips 
carrying the CAM) may be assigned a control address, so that the CAM can be 
enabled and disabled by means of such a control address. In effect, this means 
that the CAM is enabled by a suitable signal combination (the control address) on 
a plurality of control bus lines, but that set of control bus lines will be shared with 
many other devices in the system, rather than the CAM requiring a dedicated 
control bus line. 

[038] The memory logic block 20 generates three output signals. There is a 
control signal to the bidirectional switch 15, which is used to couple the memory 
block 12 and the data bus DATA to the comparator 14 in the search phase and 
the memory block to the data bus in the access phase. There is a R/W signal to 
the memory block 12 to set it for reading in the search phase and for reading or 
writing, as the case may be, in the access phase. And there is an Enable signal 
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to the memory block 12, to enable it in the search phase and, if the cell is the 
selected cell, in the access phase. 

[039] The cell also includes a chain line coupling switch 21 which couples the 
chain line into the cell, C-IN, to the chain line out of the cell, C-OUT. This switch 
in effect either couples the chain in line C-IN to the chain out line C-OUT or 
imposes a logic 0 on the chain out line C-OUT. It can conveniently be 
implemented as a pair of switches, one connected between the chain in and 
chain out lines and the other connecting the chain out line to earth (logic 0), with 
a control signal driving one switch directly and the other via an inverter. If 
desired, the cells may be grouped into groups with more elaborate logic for the 
chain line within the groups to reduce signal propagation time along the chain. 

[040] The control logic unit 13 also includes the match flip-flop 16, which has 
already been discussed. This flip-flop has an input from the comparator 14, as 
described above. It is also fed with a further signal RST from the system control 
bus CONT. This signal RST is a reset signal which is used to reset all match flip- 
flops in the CAM to the match state at the beginning of the search phase. 

[041] Finally, there is a Next control block 22. This is fed from the match flip- 
flop 16 and from the chain in line C-IN and controls the chain line switch 21, if the 
signal on the chain in line is a logic 1 (which indicates that all cells above the 
present cell in the chain have been dealth with), and if the match flip-flop remains 
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set at the end of the search phase, then the present cell is the next one to be 
accessed. The Next control block 22 enables the memory control block 20, and 
sets the switch 21 to logic 0. If the match flip-flop has been cleared, however, 
then the Next control block automatically disables the memory control block 20 
(so that the cell cannot be accessed) and sets the switch 21 to pass the signal on 
the chain in line on to the chain out line. 

[042] The Next control block is also fed with the fifth of the five signals from the 
system control bus, NXT, and further includes a flip-flop. If the cell is the 
currently selected one (ie the match flip-flop is still at match and all cells above it 
in the chain have been accessed), then the NXT signal effectively disables the 
present cell. The Next control block 21 sets the switch 21 to pass the logic 1 on 
to the next cell down the chain, and disables the memory control logic 20 so that 
the cell cannot be accessed again. The flip-flop of the Next control block is used 
to capture the state of the incoming C-IN signal and prevent the NXT signal from 
propagating down the chain. The Next control block therefore also has an output 
to the match flip-flop 16. 
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